Objective: It has been reported that balloon aortic valvuloplasty immediately before transfemoral or transapical transcatheter aortic valve implantation has mostly little to no clinical value. We aimed to provide data on the need for balloon aortic valvuloplasty in patients undergoing transaortic transcatheter aortic valve implantation.
Balloon aortic valvuloplasty (BAV) predilation has generally been considered fundamental to the transcatheter aortic valve implantation (TAVI) procedure to allow prior assessment of the appropriate transcatheter heart valve (THV) size, facilitate the crossing of the aortic annulus, and maximize the expansion of the prosthesis to minimize paravalvular leak (PVL).
1 However, predilation may contribute to stroke and embolic event rates because of a marked dislodgement of calcific debris. 2 Furthermore, existing studies on transfemoral (TF) and transapical (TA) TAVI have all reported that omitting the predilation step (known as ''direct TAVI'') results in a level of efficacy similar to that of the conventional approach (þBAV predilation), with potential additional safety advantages. [3] [4] [5] The latter include lower rates of permanent pacemaker implantation (PPI) and 30-day mortality, 6 shorter procedural and fluoroscopy times, 3 and reduced contrast agent volumes. 3, 7 In addition, several studies suggest a lower degree of PVL after direct versus conventional TAVI, 3, 8 potentially discrediting the aforementioned belief that BAV predilation is imperative for successful THV landing and apposition. Despite the accumulating data for TF-and TA-TAVI, no studies comparing direct with conventional TAo-TAVI have been published. Patients undergoing TAo-TAVI are of particular interest, not only as a distinct population but also because of key procedural characteristics. Although TAVI via the short, antegrade TA access route can be easily performed without BAV, its omission during retrograde TF-TAVI is complicated by the long distance between the femoral access point and the aortic valve, and by the unequal distribution of forces applied by the surgeon at the groin to different points of the catheter. This is a particularly relevant problem in patients with a horizontal annulus, severe kinking of the iliac vessels, or very sharp angulation of the aortic arch. TAo-TAVI is the only approach that combines retrograde insertion with direct transmission of forces to the stenotic aortic valve because of the proximity and angulation of the catheter entry site. As such, TAo-TAVI theoretically can be used in the majority of patients. The value of BAV predilation under these particular circumstances merits evaluation.
The present analysis of the Registry Of the Utilization of the TAo-TAVI approach using the Edwards SAPIEN Valve (ROUTE) (Nyon, Switzerland) specifically focuses on the clinical value of BAV predilation in TAo-TAVI. Our aim was to evaluate the impact of the direct approach on procedural aspects and short-term event rates in patients with severe AS undergoing this procedure with the Edwards SAPIEN XT or 3 THV.
MATERIALS AND METHODS Design
Data from the multicenter, multinational, prospective ROUTE registry (NCT01991431) were used in the present analysis, the design and rationale of which have been described. 9, 10 This registry was established in February 2013, with the aim of determining the overall safety and efficacy of the TAo-TAVI approach. It received prior institutional review board approval from the relevant ethics committees at each site. All patients included in the registry provided written informed consent.
Study Participants
Patients were consecutively enrolled at 18 sites across Europe. Criteria for inclusion were (1) age 18 years or more; (2) severe AS (defined as aortic valve surface area <1.0 cm 2 plus a mean transvalvular gradient >40 mm Hg); (3) scheduled to undergo TAo-TAVI using the Edwards SAPIEN XT or 3 THV; and (4) complying with the indications for this procedure detailed in the ''Instructions for Use.'' Patients scheduled to undergo a concomitant procedure were excluded. For more details on inclusion and exclusion criteria, readers are referred to the registry design article. In the present analysis, all patients who underwent the procedure with the BAV predilation step (Video 1) included were classified as the ''conventional TAo-TAVI'' group, whereas all those who underwent the procedure with the BAV predilation step omitted were classified as the ''direct TAo-TAVI'' group. The decision as to whether or not to perform BAV predilation was made at the discretion of the treating physician, independent of inclusion in the registry.
Objectives
The primary objective of the present analysis was to compare the proportion of patients in the direct versus conventional TAo-TAVI group meeting Valve Academic Research Consortium-2 (VARC-2) early safety and efficacy composite end points at 30 days. 11 Early safety was defined as a composite of all-cause mortality, nonfatal stroke/transient ischemic attack, life-threatening bleeding, acute kidney injury stage 2 or 3, major vascular complication, and valve-related dysfunction. Early efficacy was defined as a composite of all-cause mortality, stroke, hospitalization for valve-related symptoms, New York Heart Association (NYHA) class III or IV, and valve-related dysfunction. The secondary objectives were to establish the effect of BAV predilation on individual 30-day complication/event rates, as well as on periprocedural outcomes such as complication rates, procedural time, need for balloon postdilation, and contrast agent use.
Statistical Analysis
All of the collected data were entered into a database by a physician or study nurse via electronic case report forms; more than 20% of patients were subjected to source data verification after registry completion.
All relevant data are expressed using descriptive statistics. Categoric variables are presented as absolute numbers and percentages, and continuous variables are given as means AE standard deviation or median (interquartile range). For comparisons between the conventional and direct group, a chi-square test or Fisher exact test was used for categoric variables, a t test for normally distributed continuous variables, and a Mann-Whitney U test for non-normally distributed continuous variables. P values are of descriptive nature only and are adjusted for multiplicity. A logistic regression adjusting for baseline characteristics (age, peripheral artery disease [PAD], moderate/severe regurgitation insufficiency, and NYHA class III or IV and prior BAV) was used to evaluate the effect of omitting BAV predilation on 30-day safety and efficacy outcomes. These data are presented as odds ratios (ORs) with 97.5% confidence intervals (CIs). A multiplicity adjusted alpha level of 0.025 was used. All data analysis was carried out using Statistical Analysis System version 9.3 (SAS Institute Inc, Cary, NC).
RESULTS
A total of 301 patients who underwent TAo-TAVI were enrolled in the ROUTE registry ( Figure 1 ). Of these, 300 patients were eligible for the present analysis. Accordingly, study participants were grouped into 222 patients (74%) who underwent conventional TAo-TAVI (þBAV predilation) and 78 patients (26%) who underwent direct TAo-TAVI (ÀBAV predilation).
Baseline Patient Details
Overall, patients had a mean age of 81.7 years and a body mass index of 26.4 kg/m 2 , and 53.7% were female, with no significant differences between the conventional and direct groups ( Table 1) . The proportions of patients with prior cardiovascular interventions were also statistically comparable (35.7% overall); however, a significantly higher proportion of the direct group had received prior BAV (9.0% vs 2.7% of the conventional group; P ¼ .019). Surgical risk determined by the Society of Thoracic Surgeons (STS) algorithm was comparable between groups (9% overall). Of the comorbidities documented, only PAD was found to differ significantly between groups, affecting 47.8% of conventional compared with 26.9% of direct TAo-TAVI patients (P ¼ .001).
A greater proportion of the conventional group was classified as NYHA class III/IV (81.4% vs 60.3% of the direct group; P ¼ .001). The proportion of patients in the direct TAo-TAVI group with moderate or severe regurgitation insufficiency (23.1%) was more than double that of the conventional TAo-TAVI group (10.8%; P ¼ .007). 
Periprocedural Details
The most commonly used THV size was 26 mm (48.3% overall) ( Table 2) . Device success was achieved in 98.7% of all patients. Procedural duration, volume of contrast agent used, and requirement for balloon postdilation were not significantly different between conventional and direct TAo-TAVI groups. Likewise, the median length of stay in the intensive care unit and time to discharge were comparable. There was no case of an inability to cross the aortic valve in the direct group, whereas this was a problem for 2 patients in the conventional group.
A borderline significant trend toward fewer procedural complications in the direct TAo-TAVI group compared with the conventional group was apparent (3.9% vs 11.3%; P ¼ .053). The most common of these was complete atrioventricular (AV) block (5.0% overall), with no statistical difference between groups. However, 2 cases of AV block occurred during the BAV predilation step in the conventional group. A significantly higher proportion of conventional TAo-TAVI patients required PPI (5.0%; 84.6% of AV block cases) compared with patients in the direct group (0.0%; P ¼ .034). The frequencies of access complications and conversion to open surgery were not statistically different between groups, and no periprocedural death occurred in either group.
Procedural Efficacy
Immediately after TAo-TAVI, overall peak and mean transvalvular gradients were reduced to 17.6 and 9.8 mm Hg, respectively, with no notable differences between conventional and direct groups (P ¼ .328 and P ¼ .857, respectively) ( Table 2 ). The majority of patients in both groups displayed no/trace PVL after TAVI (82.1% and 76.6% of the direct and conventional groups, respectively; P ¼ .328) (Figure 2) . Likewise, no significant differences were found for any other procedural outcomes.
Thirty-Day Outcomes
At 30 days postprocedure, 293 patients (97.7%) were available for follow-up: 219 (98.6%) in the conventional group and 74 (94.9%) in the direct group (Table 3) . Missing patients were excluded from analyses.
The VARC-2 early safety composite end point was met by comparable proportions of patients in the conventional and direct groups (17.4% and 22.7%, respectively; P ¼ .308), with 18.7% and 20.5% meeting the clinical efficacy composite end point, respectively (P ¼ .731). After adjusting for baseline characteristics, multivariate analysis indicated that the omission of BAV predilation had no significant effect on the odds of meeting either composite end point at 30 days (early safety: OR, 1.17; 97.5% CI, 0.53-2.62 and clinical efficacy: OR, 1.14; 95% CI, 0.51-2.55).
Because there were too few outcomes for the model to function for the individual events or complications over the first 30 days after the TAo-TAVI procedure, we omitted calculating the OR and displayed the descriptive rates only. SD, Standard deviation; TAo-TAVI, transaortic transcatheter aortic valve implantation; NA, not applicable; THV, transcatheter heart valve; AV, atrioventricular; BAV, balloon aortic valvuloplasty; PPI, permanent pacemaker implantation; ICU, intensive care unit; TAVI, transcatheter aortic valve implantation. *Defined as annular/aortic dissection/rupture or uncontrolled bleeding. yDefined as failure to meet any device performance specifications or perform as intended. zDefined as absence of procedural mortality, correct positioning, and intended performance of THV (VARC-2 criteria (11)). xData for 9 patients missing (conventional 4, direct 5). kData for 3 patients missing (conventional 0, direct 3).
DISCUSSION
Overall, omission of the BAV predilation step during TAo-TAVI with the balloon-expandable Edwards SAPIEN XT or 3 THV was found to have no significant effect on safety and efficacy outcomes at 30 days, including VARC-2 composite end points. However, the direct approach did appear to reduce the frequency of periprocedural AV block requiring PPI.
Patient Characteristics
The overall low frequency of PAD in the present patients is surprising, given that this is a common reason for performing TAo-TAVI over TF-TAVI. 12 However, a recent observational study was in agreement with our finding, reporting only 32% of TAo-TAVI cases to have PAD. 13 Other reasons to perform TAVI via the TAo route include femoral artery tortuosity, small access vessel diameter, and surgeon preference, the latter of which is a particular influence in real-world registries.
Few of the baseline characteristics of the 2 groups varied to any great extent. This was with the exception of the presence of PAD, moderate/severe regurgitation insufficiency, and NYHA class, all of which were poorer in the patients who underwent BAV predilation. This indicates that the condition of the native valve was worse in these patients, which may have contributed to the physician's decision to perform BAV. Unfortunately, neither the reason for the physician's choice of conventional or direct TAo-TAVI nor the prevalence of aortic root calcification was recorded in the ROUTE registry; therefore, this cannot be confirmed. However, the degree of valve calcification is known to be less restrictive in TAo-TAVI compared with TF-TAVI because of the shorter access route and increased control. Thus, a proportion of BAV decisions were likely to be based simply on surgeon preference. Finally, a higher proportion of the direct group had previously received BAV, which may be another possible reason for them not requiring it before the TAVI procedure.
Periprocedural Data
An extremely high rate of device success was achieved in both direct and conventional TAo-TAVI groups. First, this suggests that the decision not to perform BAV predilation was appropriate for the patients in the direct group, with only 1 patient not achieving device success, which was due to a finding of moderate/severe PVL. Recent studies assessing the effects of omitting predilation from TF-and TA-TAVI procedures have demonstrated the safety and efficacy of this approach.
3,14-16 Therefore, it is likely that there was a proportion of the conventional group that would have achieved device success in the absence of BAV; however, because of the nonrandomized design of the study, we were unable to confirm this.
The finding that patients undergoing conventional and direct TAo-TAVI had a similar procedural duration and volume of contrast agent is unsurprising, given that the short distance between the access site and the aortic annulus means that BAV represents only a small proportion of the overall operative time. A similar result has been reported for direct versus conventional TA-TAVI, 17 which also involves a short access route. Conversely, direct TF-TAVI has been consistently noted to save time by avoiding lengthy negotiation of the femoral artery with the BAV equipment. 3, 4, 6, 7, 16 It may be expected that, in the absence of BAV predilation, there would be a greater need for postprocedural dilation in the direct TAVI group. However, no significant difference in the rate of balloon postdilation was seen between the 2 groups in the present study. This is consistent with findings from studies assessing the value of BAV predilation in TA-and TF-TAVI procedures using balloonexpandable prostheses 3, 7, [15] [16] [17] and implies that satisfactory expansion of the THV may not be reliant on the predilation step. This is an important finding, because postdilation has been identified as an independent predictor of major adverse cardiac and cerebrovascular events at 1 year. 18 However, it should be noted that the baseline characteristics of the patients included in the present analysis indicate that the native valves of those who received BAV predilation were in a worse condition before TAVI. Therefore, it is possible that in the absence of BAV, more of these patients would have required postdilation.
Periprocedural Complications
Although no difference in periprocedural mortality was observed between the 2 study groups, there was a trend toward a reduced rate of complications after direct TAo-TAVI. The borderline significance for this effect may have been due to the generally low incidence of complications coupled with relatively small patient numbers. This suggests that omitting BAV predilation may hold promise for improving procedural safety for many patients, and this merits investigation in larger studies.
More specifically, a significant difference between groups was seen in relation to the requirement for PPI after complete AV block, which applied to 5% of conventional patients but to none of the direct patients. It is notable that 2 of 13 instances of complete AV block in the conventional group occurred during the BAV predilation step. A trend toward reduced PPI with direct TAVI has been reported in a number of studies. 6, 8 Furthermore, BAV predilation has been identified as an independent predictive factor for PPI requirement in TAVI (OR, 1.75; 95% CI, 1.02-3.02; P ¼ .04). 19 Prior conduction abnormalities also have been associated with a greater requirement for PPI post-TAVI 19 ; however, neither the prevalence of AV block nor right or left bundle branch block varied between the 2 groups at baseline in the present analysis. On the other hand, the potentially inferior condition of the 
Adjusted OR (97.5% CI)* native valves in the conventional group, which was indicated by the baseline characteristics, may have been a contributing factor. Data regarding aortic root calcification may help to clarify this hypothesis. In combination with studies investigating direct TF-or TA-TAVI, our data suggest that eliminating BAV from the procedure may reduce the periprocedural need for PPI for some patients.
Early Safety/Efficacy
No differences in the rates of patients meeting early safety/efficacy end points at 30 days, including the VARC-2 composite measures and each of their elements considered individually, were seen between groups. 11 This suggests that BAV predilation in TAo-TAVI has little to no short-term clinical value for many patients. Previous studies evaluating the role of predilation in TF-and TA-TAVI also have come to this conclusion, 3, 7, 8, [14] [15] [16] [17] [18] indicating that this finding appears to be applicable regardless of access route.
Several TF-TAVI studies have associated the omission of BAV predilation with reduced stroke rates 16, 18 ; however, this was not the case in the present study, with identical rates of nonfatal stroke/transient ischemic attack in the 2 groups. This may be explained by the additional stroke risk posed by the TF access route (due to the abrasion of lengthy arterial lumens and potential dislodgement of atherosclerotic material), and therefore the greater capacity for reducing this risk by omitting the passage of the BAV device. Such an effect likely would be negligible with TAo access because of the short distance between the point of catheter insertion and the aortic valve. In this case, debris from the valve itself would be the cause of stroke. It is possible that a higher rate of stroke would be found in the conventional group compared with the direct group if a larger population was evaluated, with only 4 patients overall experiencing such an event in the present study. Future studies should carefully monitor this important safety outcome.
Study Limitations
First, the assignment of patients in the conventional or direct groups was dependent on the treatment decision taken by the intervening physician, rather than randomization. Baseline characteristics such as frequency of atherosclerotic disease, moderate/severe aortic regurgitation insufficiency, and NYHA class III/IV, as well as the degree of aortic root calcification, which was not recorded in the registry, would likely have influenced the decision of whether or not to perform BAV. Therefore, there was an imbalance in the characteristics of the 2 groups that would have influenced the observed differences in outcomes. To minimize such effects, 30-day outcomes were adjusted for PAD, moderate/severe regurgitation insufficiency, and NYHA class III/IV at baseline. Second, because evaluating the role of BAV predilation was not an original aim of the ROUTE registry, data relating to justification of its omission/inclusion were not systematically recorded. Accordingly, not all of the variables accounting for selection were necessarily captured, and the multicenter nature of the study means that institutional preferences are likely to have played a role. Third, statistical power was limited by the smaller number of patients who received direct TAo-TAVI, with the low event rates potentially resulting in overfitting of the data at multivariable analysis. Because our intention was merely to describe the observed relationship between BAV and outcome variables in the present study, we restricted the multivariable model to clinical safety and efficacy composite end points. Finally, sole use of a balloon-expandable SAPIEN THV means that findings are not necessarily applicable to other valves and deployment systems, such as self-expandable valves.
CONCLUSIONS
The elimination of BAV predilation from TAo-TAVI with an Edwards SAPIEN balloon-expandable valve appears to be safe and not to affect the success of the procedure in the majority of patients. Although there is likely a proportion of patients who received TAVI who will still require BAV because of the condition of the native valve and aortic root, it appears to be unnecessary in many cases. This is in agreement with prior studies concerning TA-and TF-TAVI. The present real-world data suggest that physicians might consider using a direct rather than a conventional approach in TAo-TAVI. However, larger, randomized studies would be informative to confirm present findings.
